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(57) ABSTRACT

A metrology system serves to examine an object arranged in
an object field using EUV illumination light. An illumination
optics ofthe metrology system has a collector mirror which is
arranged in the beam path directly downstream of an EUV
light source. Downstream of the collector mirror, less than
three additional illumination mirrors are arranged in the beam
path between the collector mirror and the object field. An
intermediate focus is arranged in the beam path between the
collector mirror and the additional illumination mirror. The
metrology system further includes a magnifying imaging
optics for imaging the object field into an image field in an
image plane. As aresult ametrology system is obtained which
comprises an illumination optics that ensures an efficient
illumination of the object field by means of illumination
parameters which are well adapted to the illumination situa-
tion of current EUV projection exposure apparatuses.

21 Claims, 3 Drawing Sheets
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1
ILLUMINATION OPTICS FOR A
METROLOGY SYSTEM FOR EXAMINING
AN OBJECT USING EUV ILLUMINATION
LIGHT AND METROLOGY SYSTEM
COMPRISING AN ILLUMINATION OPTICS
OF THIS TYPE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application of PCT/
EP2011/055679, filed on Apr. 12, 2011, which claims priority
to U.S. Provisional Application 61/345,669 and German
Application 10 2010 029 049.1, both filed on May 18, 2010,
herein incorporated by reference in their entirety.

TECHNICAL FIELD

The invention relates to an illumination optics for a metrol-
ogy system for examining an object arranged in the object
field using EUV illumination light. Furthermore, the inven-
tion relates to a metrology system for examining an object
arranged in the object field using EUV illumination light, the
metrology system comprising an illumination optics of this

type.
BACKGROUND

WO 03/096356 A2 describes a reflective X-ray microscope
and inspection system for examining objects using wave-
lengths of no more than 100 nm. WO 03/075068 A1 describes
an illumination system comprising a nested collector for
annular illumination of an exit pupil. An illumination optics
for a metrology system for examining an object arranged inan
object field using EUV illumination light is described in the
scientific article “Aerial Image Microscopes for the Review of
Defects in EUVL Masks” by A. Barty et al., ISMT EUVL
Symposium, Dallas, Tex., October 2002.

SUMMARY

It is an object of the present invention to develop an illu-
mination optics of the type named at the outset and a metrol-
ogy system equipped therewith in such a way as to achieve an
efficient illumination of the object field using illumination
parameters which are well adapted to the illumination situa-
tion of current EUV projection exposure apparatuses.

This object is achieved according to the invention by an
illumination optics having the features set out in claim 1.

An illumination optics comprising less than three addi-
tional mirrors arranged downstream of the collector mirror
results in low reflection losses between the EUV light source
and the object field. The intermediate focus between the col-
lector mirror and the first additional mirror allows the collec-
tor mirror to be, to a large extent, mechanically separated
from the downstream optical elements. This prevents a con-
tamination of these downstream elements by material which
is emitted by the EUV light source and carried over in an
unwanted manner. The collector mirror may be an NI mirror.
An NI mirror is a mirror where a main beam angle of inci-
dence relative to a normal to the mirror surface is smaller than
30°. This results in an illumination optics which has a rela-
tively simple design. The collector mirror can be an aspheric
mirror, in particular in the manner of a purely conical asphere.
As a result, the collector mirror has a collecting effect which
is well adapted to the emission properties of current EUV
light sources.
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Exactly two additional illumination mirrors according to
claim 2 form an advantageous compromise between a guid-
ance of illumination light where losses are kept to a minimum
and an object illumination which corresponds to predefined
illumination parameters as exactly as possible.

Designing the additional mirrors as NI mirrors according
to claim 3 minimizes reflection losses at these additional
mirrors.

An illumination chiefray angle according to claim 4 is well
adapted to the relationships occurring during EUV projection
exposure. The illumination chief ray angle is the angle
between chief rays of the EUV rays which are reflected by the
object on the one hand and a normal to the object plane on the
other. The illumination chief ray angle may also amount to 8°.
The illumination optics may be designed for several chief ray
angles and is then provided with a movable setting stop to
change between these chief ray angles.

A numerical aperture on the object side according to claim
5 is well adapted to the imaging relationships of projection
objectives in projection exposure apparatuses for EUV
microlithography for the production of microstructured or
nanostructured components. The numerical aperture on the
object side may amount to at least 0.0825 and may in particu-
lar amount to at least 0.125. The illumination optics may be
provided with a setting stop which allows one to change
between these numerical apertures.

A setting stop according to claim 6 can be arranged at a
position of the illumination light beam path which is passed
through by the EUV illumination light exactly once. This
prevents vignetting of the illumination light.

Arranging the bundle-guiding component according to
claim 7 is also known as critical illumination of the object
field. With this type of illumination, the light source is imaged
into the object field.

Concerning the metrology system, the object named at the
outset is achieved by a metrology system having the features
set out in claim 8. The metrology system may comprise a
detection device arranged in the object field, for instance in
the form of a CCD chip of a CCD camera.

The advantages of a metrology system according to claim
8 correspond to those which have already explained above
with reference to the illumination optics according to the
invention.

The magnitying imaging optics of the metrology system is
an optical assembly which forms an essential individual
aspect of the invention even without the additional compo-
nents of the metrology system.

Due to the low number of reflections, a four-mirror system
according to claim 9 ensures a good throughput of the imag-
ing optics even if reflection losses at the mirrors are inevi-
table.

At least one of the imaging mirrors may be an asphere. In
particular the imaging mirror which is the first mirror down-
stream of the object field may be an aspheric mirror. The
imaging mirrors may all have continuous reflection surfaces,
in other words they have no through-opening for the imaging
light. The imaging optics may be provided with its own aper-
ture stop for adjusting a numerical aperture of the imaging
optics on the object side and/or for adjusting an imaging chief
ray angle on the object side. This aperture stop may be closer
to the project plane than any of the mirrors of the imaging
optics.

The illumination mirrors and/or the imaging mirrors may
be provided with a highly reflective coating which optimizes
the degree of reflection of the EUV illumination light or
imaging light. The highly reflective coating may be a multi-
layer coating which is generally known from prior art.
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The object field of the metrology system may have a field
size of at least 5 umx5 pum, of at least 7.5 pmx7.5 pum, of at
least 10 umx10 pm, of at least 15 umx15 um. The field size
may for example be 20 umx20 um. The image field may be
arranged at a distance relative to a normal through a center of
the object field, in other words it may be decentered (off-
axis). A centered arrangement where this normal, which pen-
etrates the center of the object field, also passes through the
center of the image field is conceivable as well.

BRIEF DESCRIPTION OF DRAWINGS

An exemplary embodiment of the invention will hereinaf-
ter be explained in more detail by means of the drawing in
which

FIG. 1 shows a meridional section through an illumination
optics for a metrology system for examining an object
arranged in the object field using EUV illumination light;

FIG. 2 shows ameridional section of a magnifying imaging
optics of the metrology system for imaging the object field in
an object plane into an image field in an image plane; and

FIG. 3 shows another meridional section through the entire
EUV beam path of the illumination optics and the magnifying
imaging optics of the metrology system.

DETAILED DESCRIPTION

A Cartesian xyz-coordinate system will hereinafter be used
to facilitate the description of positional relationships. In the
Figures, the x-axis runs into the drawing plane in a direction
perpendicular thereto. The y-axis runs upwards in the Fig-
ures. The z-axis runs to the right in the Figures.

FIG. 3 shows a meridional section through a beam path of
EUV illumination light or imaging light 1 in a metrology
system 2 for examining an object 5 arranged in an object field
3 in an object plane 4 by means of the EUV illumination light
1. The metrology system 2 serves to analyze a so-called aerial
image (aerial image metrology system, AIMS) with the aim
of simulating and analyzing the effects of properties of lig-
hographic masks, so-called reticles which are in turn used for
projection exposure when producing semiconductor compo-
nents, on the optical imaging of projection optical systems in
a projection exposure apparatus. AIMS systems are known
from DE 102 20 815 Al (cf. FIG. 9) and DE 102 20 816 Al
(cf. FIG. 2).

The EUV illumination light 1 is generated by an EUV light
source 6. The light source 6 may be a laser plasma source
(LPP; laser produced plasma) or a discharge source (DPP;
discharge produced plasma).

The drawing shows the path of individual EUV rays which
are emitted by the light source 6. The drawing shows three ray
groups 8a, 85, 8¢ which are emitted by the light source 6 and
comprise in each case three individual EUV rays 7. Each of
the ray groups 8a, 85, 8c represents a different illumination
direction from which the object 5 is illuminated. The outer ray
groups 8a, 8c are near-edge illumination angles and are also
referred to as coma rays. The central ray group 85 represents
the chief rays of the illumination.

A collector mirror B1, which is arranged in the beam path
directly down-stream of the EUV light source 6, is reflected
by the illumination light 1 at an angle of incidence E which is
smaller than 30°. The collector mirror Bl is a reflection
mirror close to vertical incidence which is also referred to as
normal incidence (NI) mirror.

The collector mirror B1 is part of an illumination optics 9,
which is also shown in FIG. 2, for illuminating the object field
3 with the illumination light 1. The illumination optics 9 is
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designed for critical illumination of the object field 3. The
light source 6 is thus imaged into the object field 3.

Along with the collector mirror B1, the illumination optics
9 also includes two additional mirrors B2, B3 which are
numbered in the order in which they are arranged in the
illumination beam path of the illumination light 1. The illu-
mination optics 9 has therefore less than three additional
mirrors B2, B3 which are arranged downstream of the col-
lector mirror B1 in the beam path of the imaging light 1
between the collector mirror B1 and the object field 3. The
two additional illumination mirrors B2, B3 are NI mirrors as
well, in other words the illumination light is reflected at a
chief ray angle of incidence E which is smaller than 30°.

The illumination mirror B1 is concave. The illumination
mirror B2 is convex. The illumination mirror B3 is concave.

An intermediate focus 11 is arranged in an intermediate
focal plane 10 in the beam path of the illumination light 1
between the collector mirror B1 and the first additional mirror
B2. In order to separate optical components near the source
from the downstream optical components at this point, the
illumination light 1 may be guided through an opening whose
aperture is adapted to the diameter of the intermediate focus
11.

Inthe beam path between the intermediate focus 11 and the
illumination mirror B2, a setting stop 12 is arranged for
defining a maximum illumination angle for object illumina-
tion. The setting stop 12 is arranged at a position in the beam
path of the illumination light 1 which is penetrated by the
illumination light 1 exactly once. Depending on the opening
width of the setting stop 12, it is possible to define a numerical
aperture of the illumination optics 9 on the object side. This
numerical aperture on the object side is continuously adjust-
able in a range between near 0 and 0.125 and in particular in
a range between 0.0625 and 0.125.

Having been reflected by the last illumination mirror B3,
the illumination light has an illumination chief ray angle of
incidence a of 8° when it is guided to the object field 3 for
object illumination. The object 5 reflects the illumination
light 1, which also serves as imaging light for imaging the
object field 3, into an image field 13 in an image plane 14. This
imaging process takes place using an imaging optics 15 in the
form of a catoptric projection objective which is also shown in
FIG. 2. The imaging optics 15 images the object field 3 into
the image field 13 at a magnification factor (imaging scale {3)
ot 750. For analyzing the generated magnified image, a CCD
chip is arranged in the image field 13 which is part of a CCD
camera 16 which is diagrammatically shown in FIG. 3 and
serves as a detection device of the metrology system 2.

The object field 3 on the one hand and the image field 13 on
the other are disposed in xy-planes which are spaced from
each other.

In the imaging beam path of the imaging light 1 between
the object field 3 and the image field 13, chiefrays 17, in other
words the EUV rays 7 of the illumination ray group 84
reflected by the object 5, run from the object field 3 to a central
object field point of the object plane 4 at a chief ray angle of
reflection o of 8° relative to a normal 18 running in the
z-direction.

A numerical aperture of the imaging optics 1 near the
object field is NAO=0.125. The numerical aperture near the
object field can be reduced to NAO=0.026 or NAO=0.0825 by
means of a decentrable aperture stop 19, which allows a chief
ray angle a of 6° to be achieved at the same time as well.

Intheimage plane 14, the imaging rays of the imaging light
1 hit the image field 13 virtually perpendicular to the image
plane 14 and virtually parallel to each other.
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In the imaging beam path of the imaging light 1 between
the object field 3 and the image field 13, the imaging optics 15
has exactly four mirrors which are referred to by M1 to M4 in
the order in which they are arranged in the imaging beam

6
The fourth column (thickness) of the table describes the
distance of the object plane 4 from the surface which is in each
case arranged downstream in the z-direction. If the following
numbers refer to a length, the unit mm shall be used unless

path. The first mirror M1 in the beam path down-stream ofthe 5 specified otherwise.
object field 3 is concave and aspheric. The following mirror
M2 is concave as well. The following mirror M3 is convex. The value “y-decenter” in this table describes the displace-
The following mirror M4 is concave. ment of the mirror surface in the y-direction. The value “x-in-
The drawing shows the section curves of parent surfaces clination” describes an inclination of the respective mirror
which are used for mathematical modeling of the reflection surface about the x-axis.
Conical
Con- y- X- Mode of
Surface Radiusx  Radiusy stant  Thickness decenter inclination operation
Object plane 0,000 0,000 0,000 192770 0000 0,000
Mirror B3 -167,170 -167,507 0,000 -122,770 -0,013 -5,286  REFL
Mirror B2 -55,162  -55162 0,000 58356 0,004 -18460  REFL
Setting stop 0,000 0,000 0,000 320,670 47,687 0,000
Intermediate 0,000 0,000 0,000 320,000 0000 0,000
focal plane
Mirror B1 -386,810 -386,810 -0,309 -357245 204913 3,278  REFL
(Collektor)
Light source 0,000 0,000 0,000 0,000 0,000 10450
. . 25 . . . . . .
surfaces of the mirrors B1 to B3 and M1 to M4. The regions Optical data of the imaging optics 15 are hereinafter listed
of the reflection surfaces which are actually physically in two further tables. The column “Radius” in the first table
present in the illustrated section curve (meridional section)  again contains the respective radii of curvature of the mirrors
are those regions of the mirrors B1 to B3 and M1 to M4 which M1 to M4. The third column (thickness) again describes the
are actually impinged by the EUV illumination or imaging . = distance of the object plane 4 from the surface which is in each
light 1~. o ) . . . case arranged downstream in the z-direction. The following
The 111um1n?1t10n mirror B2 and t.he imaging mirrors M2 to second table contains the asphericity coefficients A to E for
M4, are sphe.rlcal IIITOLS. The mirror Bf3 1 a toric mirror the surface description of the mirror M1 corresponding to the
which has different radii of curvature in principal planes b heri :
. . : above aspheric equation.
which are perpendicular to each other. In the mirror B3, a
spherical section is in each case obtained in these principal 3>
planes.. L. . . . Surface Radius Thickness Mode of operation
The illumination mirror B1 is a purely conical asphere.
The illumination optics 9 and the imaging optics 15 are Objekt plane INFINITE 156,300
designed for an operating wavelength of 13.5 nm. Aperture Stop INFINITE 742,214
. : . . 40 M1 ~T47,499 -651,868 REFL
The mirrors Ml. to M4 of the.: imaging optics 15 are all M2 23,479 703,354 REFL
provided with continuous reflection surfaces, in other words M3 100,000 —673,354 REFL
they have no through-opening for the imaging light 1. M4 1708,075 723,354 REFL
The aperture stop 19 is arranged closer to the object plane Image plane INFINITE 0,000
4 than any of the mirrors M1 to M4 of the imaging optics 15.
With respect to their reflection surfaces, the mirrors M2 %
and B3 as well as the mirrors M4 and B3 are arranged back to
back. Surface K A B
Optical data of the illumination optics 9 are hereinafter Ml 0.000000E+00  9.550618E-12 1.671210E-17
. . « . N P . us Surface C D E
lls.ted ma table. The COlumpS Radlus X and R?ldlus y Of M1 2.972109E-23 2.740807E-29 1.533462E-34
this table each show the radii of curvature of the mirrors Bl to 37
B3 in the xz- and yz-planes. These radii of curvature are only . L . L
different for the mirror B3 which s a toric mirror having a With respect to the surface description of the illumination
larger radius of curvature in the yz-plane than in the xz-plane. Optl.C.S 9,2 900rd1nate origin 1s dlspl?ced by 50 pm in the
The third column (conical constant) of this table describes p051.tlve }./-dlrect.lon relative to the optical axis (x=0, y=0) of
the conical constant K for the surface description of the mirror 33 the imaging optics 15.
B1 according to the following aspheric equation for the sag- . . . .
ittal height z (h): The invention claimed is:
1. [llumination optics for a metrology system for examin-
ing an object arranged in an object field using EUV illumi-
o 60 nation light, the illumination optics comprising:
— 4 6 8 10 12 . .
A =1 TSORTI— (s K + AR+ Bh° + CH® + Dh'" + Eh a bgalr(ril path between an EUV light source and the object
eld;
a collector mirror which is arrangeable in the beam path
In this equation, h is the distance from the optical axis, in directly downstream of the EUV light source; and
other words the normal 18, of the imaging optics 1. In other 65  less than three additional illumination mirrors arranged in

words, h*>=x?+y>. ¢ is substituted in the equation by the recip-
rocal of “radius”.

the beam path between the collector mirror and the
object field,
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with an intermediate focal plane being arranged in the
beam path between the collector mirror and the first
additional illumination mirror.

2. The illumination optics according to claim 1, wherein
exactly two additional illumination mirrors are provided
downstream of the collector mirror.

3. The illumination optics according to claim 2, wherein
the two additional illumination mirrors are NI mirrors.

4. The illumination optics according to claim 1, wherein an
illumination chief ray angle () is at least 6°.

5. The illumination optics according to claim 1, wherein a
numerical aperture on the object side is at least 0.0625.

6. The illumination optics according to claim 1, comprising
a setting stop in the beam path between the intermediate focal
plane and the first additional illumination mirror downstream
of the collector mirror.

7. The illumination optics according to claim 1, comprising
an arrangement of bundle-guiding components such that a
plane, which is provided for arranging the EUV light source,
is imaged into an object plane in which the object field is
arranged.

8. A metrology system for examining an object arranged in
an object field using EUV illumination light, the metrology
system comprising:

an illumination optics according to claim 1; and

a magnifying imaging optics for imaging the object field

into an image field in an image plane.

9. The metrology system according to claim 8, wherein the
imaging optics comprises exactly four mirrors.

10. The illumination optics according to claim 2, wherein
an illumination chief ray angle (o) is at least 6°.

11. The illumination optics according to claim 3, wherein
an illumination chief ray angle (o) is at least 6°.

12. The illumination optics according to claim 2, wherein a
numerical aperture on the object side is at least 0.0625.

13. The illumination optics according to claim 3, wherein a
numerical aperture on the object side is at least 0.0625.

14. The illumination optics according to claim 4, wherein a
numerical aperture on the object side is at least 0.0625.
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15. The illumination optics according to claim 2, compris-
ing a setting stop in the beam path between the intermediate
focal plane and the first additional illumination mirror down-
stream of the collector mirror.

16. The illumination optics according to claim 3, compris-
ing a setting stop in the beam path between the intermediate
focal plane and the first additional illumination mirror down-
stream of the collector mirror.

17. The illumination optics according to claim 4, compris-
ing a setting stop in the beam path between the intermediate
focal plane and the first additional illumination mirror down-
stream of the collector mirror.

18. The illumination optics according to claim 5, compris-
ing a setting stop in the beam path between the intermediate
focal plane and the first additional illumination mirror down-
stream of the collector mirror.

19. The illumination optics according to claim 2, compris-
ing an arrangement of bundle-guiding components such that
aplane, which is provided for arranging the EUV light source,
is imaged into an object plane in which the object field is
arranged.

20. The illumination optics according to claim 3, compris-
ing an arrangement of bundle-guiding components such that
aplane, which is provided for arranging the EUV light source,
is imaged into an object plane in which the object field is
arranged.

21. [llumination optics for a metrology system for exam-
ining an object arranged in an object field using EUV illumi-
nation light, the illumination optics comprising:

a beam path between an EUV light source and the object

field;

a collector mirror which is arrangeable in the beam path

directly downstream of the EUV light source;

less than three additional illumination mirrors arranged in

the beam path between the collector mirror and the
object field, with an intermediate focal plane being
arranged in the beam path between the collector mirror
and the first additional illumination mirror; and

a setting stop in the beam path between the intermediate

focal plane and the first additional illumination mirror
downstream of the collector mirror.

#* #* #* #* #*
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